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Supplemental Results 

Changes in Sargassum tissue chemistry 

Sargassum tissue chemistry was statistically similar between S. fluitans and S. natans for the entire 

NA dataset. Specifically, S. fluitans and S. natans had similar elemental composition (MANOVA, 

Pillai’s lambda = 0.006, F = 3, 470 1.01, P = 0.388; Supplementary Table 1) and C:N:P molar ratios 

(MANOVA, Pillai’s lambda = 0.005, F = 3, 470 0.792, P = 0.499; Supplementary Table 2). For 

elemental composition, the interactions between species, decade, and season were not significant 

(Supplementary Table 1). The overall mean values for %C, %N and %P were 28.0 ± 0.15, 1.18 ± 

0.02, and 0.11 ± 0.003 (all n = 488). The overall mean molar C:N, C:P, and N:P ratios were 32.7 

± 0.71, 853 ± 23, and 26.6 ± 0.48 (all n = 488). For the multivariate analyses of C:N:P ratios, there 

was a significant 2-way interaction between species and season (MANOVA, Pillai’s lambda = 

0.074, F = 9, 1416 3.96, P < 0.001) and 3-way interaction between decade, species, and season 

(MANOVA, Pillai’s lambda = 0.0677, F = 9, 1416 3.63, P < 0.001). The subsequent univariate 

ANOVAs did not identify any of the C:N:P ratios to be significant for these interactions (all P > 

0.05; Supplementary Table 2). For nutrient ratios, there was a multivariate interaction between 

decade and season (MANOVA, Pillai’s lambda = 0.439, F = 9, 1416 2.34, P = 0.013; Supplementary 

Table 2), however none of the univariate ANOVAs were significant (all P > 0.05; Supplementary 

Table 2). 
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Supplementary Table 1: Sargassum elemental composition MANOVA Table.  

Multivariate analysis of variance (MANOVA) table of tissue elemental composition (%C, %N, %P) from Sargassum 

natans and S. fluitans collected throughout the North Atlantic Ocean. Factors included were by decade (1980s vs 

2010s), species (S. natans vs. S. fluitans), Northern Hemisphere meteorological season (winter, spring, summer, and 

fall), and all interaction effects. Subsequent univariate analysis of variance (ANOVA) are shown for significant 

factors. Significant (<0.05) P values are bold. 

 

Test / Factor (s) SS df F P 

MANOVA      

    Decade - 3, 470 39.4 <0.001 

    Species - 3, 470 1.01 0.388 

    Season - 9, 1416 8.13 <0.001 

    Decade * Species - 3, 470 1.32 0.266 

    Species * Season - 9, 1416 0.51 0.871 

    Decade * Season - 9, 1416 2.95 0.002 

    Decade * Species * Season - 9, 1416 0.51 0.976 

       

ANOVA %C      

    Decade 440 1 53.8 <0.001 

    Season 63.3 3 2.58 0.053 

    Decade * Season 46.5 3 1.90 0.129 

       

ANOVA %N      

    Decade 0.118 1 5.01 0.026 

    Season 1.20 3 17.1 <0.001 

    Decade * Season 0.212 3 3.00 0.030 

       

ANOVA %P      

    Decade 1.10 1 31.4 <0.001 

    Season 1.76 3 16.7 <0.001 

    Decade * Season 0.410 3 3.91 0.009 
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Supplementary Table 2: Sargassum tissue nutrient stoichiometry MANOVA table. 

Multivariate analysis of variance (MANOVA) table of tissue nutrient stoichiometry (C:N, N:P, C:P) from Sargassum 

natans and S. fluitans collected throughout the North Atlantic Ocean. Factors included were by decade (1980s vs 

2010s), species (S. natans vs. S. fluitans), Northern Hemisphere meteorological season (winter, spring, summer, and 

fall), and all interaction effects. Subsequent univariate analysis of variance (ANOVA) are shown for significant 

factors. Significant (<0.05) P values are bold. 

 

Test / Factor(s) SS df F P 

MANOVA      

    Decade - 3, 470 48.4 <0.001 

    Species - 3, 470 0.792 0.499 

    Season - 9, 1416 6.25 <0.001 

    Decade * Species - 3, 470 0.294 0.830 

    Species * Season - 9, 1416 3.96 <0.001 

    Decade * Season - 9, 1416 2.34 0.013 

    Decade * Species * Season - 9, 1416 3.63 <0.001 

       

ANOVA C:N      

    Decade 1.97 1 <0.001 0.956 

    Season 1.12 3 13.4 <0.001 

    Species * Season 0.072 3 0.860 0.463 

    Decade * Season 0.134 3 1.61 0.186 

    Decade * Species * Season 0.018 3 0.210 0.890 

       

ANOVA N:P      

    Decade 1.92 1 93.4 <0.001 

    Season 0.06 3 0.930 0.427 

    Species * Season 0.013 3 0.210 0.890 

    Decade * Season 0.049 3 0.800 0.493 

    Decade * Species * Season 0.005 3 0.080 0.973 

       

ANOVA C:P      

    Decade 1.97 1 44.9 <0.001 

    Season 1.65 3 12.5 <0.001 

    Species * Season 0.097 3 0.740 0.528 

    Decade * Season 0.284 3 2.16 0.092 

    Decade * Species * Season 0.008 3 0.060 0.981 
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Supplementary Table 3. Sargassum tissue nutrient contents by decade and location. 

Tissue nutrient contents (mean ± SE) of Sargassum natans and S. fluitans collected throughout the North Atlantic Ocean showing the stable N (δ15N) isotope 

values, elemental composition (%C, %N, %P), and stoichiometry (C:N:P) by decade and location. 
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Supplementary Fig. 1: Sargassum tissue nutrient contents by season and decade. 

 Tissue elemental composition and stoichiometry (mean ± SE) of Sargassum natans and S. fluitans collected throughout the North Atlantic Ocean showing the 

interaction of decade and Northern Hemisphere meteorological season with different lowercase letters representing significant differences identified with Tukey 

HSD test; “n/s” denotes a non-significant (P > 0.05) ANOVA result.  



Lapointe et al. Supplementary Information 

6 
 

 

 
Supplementary Fig. 2: Sargassum nutrient contents by location and decade. Sargassum tissue nutrient contents 

by location and decade (showing location means). a) For %N, values have significantly increased from the 1980s 

(decadal mean = 0.89%) to post-2010 (decadal mean = 1.21%); > 1.5% N (red circles) are considered non-limiting to 

growth1. N:P ratios have significantly (111%; ANOVA, F = 1 93.4, P < 0.001) increased from the 1980s (decadal 

mean = 13.2) to post-2010 (27.8). Enriched δ15N values (red circles; >3‰) are indicative of urbanized wastewater 

discharges; while more depleted values (blue, green, and orange circles) are indicative of N2 fixation, atmospheric 

deposition, and upwelling. 
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Supplementary Fig. 3: Sargassum monthly biomass. Monthly mean Sargassum wet biomass in the GOM (18oN – 

32oN, 98oW – 80oW), determined from satellite measurements 2,3. 
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